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INTRODUCTION
Periodontal diseases are characterized as the pathological manifestation of the host immune response to the bacterial infection at the tooth/gingival interface. These are mainly caused by Gram-negative bacteria, including Porphyromonas gingivalis (Pg), Prevotella intermedia (Pi), Aggregatibacter actinomycetemcomitans (Aa), and Tannerella forsythia (Tf) [1] . Severe periodontitis affects up to 15% of most populations [2] . In Brazil, the most recent National Survey of Oral Health reported that the distribution of the most severe forms of periodontal disease are more significant in adults between 35-44 years of age, with a prevalence of 19.4% [3] .
The term periodontitis comprises, generally, chronic forms of periodontal disease, which are the result of a polymicrobial infection and are characterized by the loss of collagen fibers and insertion in the cementum surface (mineralized tissue that covers the root surface), apical migration of junctional epithelium (epithelium continuous with the oral epithelium that promotes the insertion of the gum to the tooth), periodontal pocket formation (cementum surface devoid of periodontal fibers) and alveolar bone reabsorption.
Abbreviations, acronyms & symbols

Aa
Aggregatibacter cascade, enhancing the formation of atherosclerotic lesions, and it is associated with endothelial dysfunction [8] .
In healthy subjects, CRP levels are found in trace amounts with values <0.3 mg/L [9] . It is also known that levels below 1.0 mg/L indicate low risk for cardiovascular disease (CVD). Levels between 1.0 and 3.0 mg/L and above 3.0 mg/L indicate medium and high risk, respectively [10] .
Chronic bacterial infections such as periodontitis, are one of the well-established risk factors for moderately elevated CRP level [7] . In otherwise, in healthy subjects with periodontitis, especially in severe forms, high systemic levels of IL-6 [11] , dyslipidemia [12] , and moderate leukocytosis [11] have been observed.
Experimental and clinical trials have been performed in order to investigate the biological mechanisms of association between periodontal disease and atherosclerosis, which
are not yet completely understood [4, 7, 11] . The ability of the periodontal pathogen to induce platelet aggregation, formation of foam cells, and development of the atheroma has been demonstrated [4] . Evidence supports at least two mechanisms that are biologically plausible: increased levels of systemic inflammation in patients with periodontitis, and the frequent migration of Gram-negative bacteria from periodontal pockets into the bloodstream (bacteremia and endotoxemia) [4, 13] .
The treatment of periodontal disease, in both systemically healthy patients and those with history of cardiovascular events, has been shown to reduce systemic inflammation [14] [15] [16] . Recently, a systematic review and meta-analysis reported a reduction of 0.231 (P=0.000) in mean levels of CRP after nonsurgical periodontal therapy (NSPT) [15] .
This study aimed to investigate the effect of severe periodontal disease on the systemic inflammatory response related to the elevation of CRP levels in serum and to determine the influence of NSPT on these levels. Furthermore, the correlation between systemic levels of hs-CRP and demographic characteristics of the population study (gender and age), body mass index (BMI), high-density lipoprotein (HDL), and clinical oral parameters before and after NSPT were assessed.
METHODS
Subjects and study groups
The total sample (convenience sampling) consisted of 55 systemically healthy subjects. The periodontitis group (PG) consisted of 19 women (68%) and nine men (age range 20- [18] , and use of medications that alter the levels of inflammatory mediators. The study protocol was approved by the Ethics Committee of the Faculty of Health Sciences -University of Brasilia, Brazil (045/2008). All subjects were informed about the purpose of the study, both orally and written, and a written informed consent document prior to participation was also signed.
Clinical examination
The clinical examination performed at baseline and after six months of supportive periodontal therapy (SPT) included detection of visible plaque accumulation described as plaque index (PI), BOP, PD and CAL. Measurements were assessed at four sites around each tooth, buccal, lingual and both proximal sites using a manual probe (probe Michigan O with Williams markings), excluding third molars.
Treatment protocol/Retention and Laboratory analysis
PG subjects were treated in three stages: mechanical periodontal therapy, sites reinstrumentation, and SPT. The first stage was performed in ≤ 14 days. One month later, in stage 2, new mechanical instrumentation was performed in patients who persisted with deep pockets, BOP and calculus. At this stage, meticulous scaling and root planning were performed until reaching the following periodontal conditions: PD above 4 mm in at least three or fewer sites, PD above 5 mm in two places at most, PI ≤15% and BOP ≤10%. In Stage 3, subjects were scheduled biweekly or monthly, according to the need to control biofilm formation. SPT was performed for six months.
Out of the 28 subjects in PG, five did not complete the treatment. Twenty-three completed the three stages of periodontal protocol. Among these, ten (43%) subjects completed the treatment in nine months, ten (43%) subjects in ten months, and three (14%) subjects in 12 months.
Blood samples were collected for biochemical analysis at baseline for all 28 PG subjects and 27 CG subjects. New blood samples were collected from 23 PG subjects who completed treatment. The fasting venous blood was collected in gel separator tubes. Each EDTA tube was assessed within three hours in order to perform blood counts with standard measurements for the number of neutrophils, lymphocytes, monocytes, basophils and eosinophils. Additionally, glucose examination was performed. Plasma and serum samples were immediately placed on ice and stored at -80°C.
Lipid profile included serum levels of triglycerides, total cholesterol, HDL cholesterol and low-density lipoprotein (LDL) obtained by the esterase-oxidase method, homogeneous direct method, oxidase-peroxidase method, and Friedevald formula. The hs-CRP levels in serum were accessed by the nephelometry method (ultrasensitive immunonephelometry assay) with the lowest detection limit of 0.1 mg/dL. This method is characterized as highly sensitive [14] .
Statistical analysis
The clinical oral parameters and the demographic and hematological characteristics (lipids, glucose, and blood cells) before and post-SPT for both groups (PG and CG) were presented as mean ± standard deviation. The clinical periodontal parameters PI, PD ≤3, 5 and 6 mm and BOP before and post-therapy in the PG were compared by paired Student's t-test, as well as lymphocytes, monocytes, neutrophils, total white blood cell and blood glucose. In both periods evaluated for this group, a nonparametric Wilcoxon test was used for the following variables: number of teeth (NT), PD=4 and ≥7 mm, BMI, systolic and diastolic blood pressure (SBP and DBP, respectively), triglycerides, total cholesterol, HDL and LDL, eosinophils and basophils.
The measurements NT, BMI, SBP, DBP, PI, BOP and hematological characteristics, except hs-CRP, were compared between both groups before and after therapy by Student's t-test for variables that showed the Gaussian distribution. In cases where normality was not observed for both groups, the nonparametric Mann-Whitney test was used. Results for hs-CRP were expressed as percentages. For the analysis of hs-CRP in the PG before and post-therapy McNemar's test was used and, when compared to the CG, the chi-square test was used. Data were assessed by SAS 9.2 for Windows. For purposes of analysis, a significance level of 5% was used (P<0.05).
Finally, hs-CRP levels were divided into two groups: hs-CRP <0.3 and ≥0.3 mg/dL. To compare means between these groups before and after treatment, and between the other variables mentioned above (gender, age, BMI, HDL, BOP, PD and CAL), the Student's t-test was used for variables that showed a Gaussian distribution for both groups. When normality was not observed for both groups, the nonparametric Mann-Whitney test was used. To compare the ratio of clinical cases with hs-CRP <0.3 and ≥0.3 mg/dL, Fisher's exact test was used. McNemar's test was performed to verify whether the ratio of PG patients that exhibited hs-CRP between 0.3 and 3 mg/dL was different before and after the PT. The reduction of the mean levels of hs-CRP after SPT was calculated by paired Student's t-test.
RESULTS
Demographic and hematological characteristics, BMI, and clinical oral parameters of the study population before and after NSPT
Initially, 28 patients with periodontal disease were involved in this study (32% men; mean age: 34.36±6.24 years old) and 27 healthy controls (33% men; mean age: 33.18±6.42 years old). There was no difference between PG and CG for age (P=0.4955) and gender (P=0.9251). Of all the patients in the PG, 23 were followed until remission of periodontal disease. Clinical oral parameters and characteristics before and post-SPT are shown in Table 1 . In the PG, PT led to a significant decrease in all clinical periodontal parameters (P<0.0001). The mean values for BMI, SBP and DBP after SPT did not differ statistically from the mean values of the same measurements before therapy.
At baseline, the CG was significantly different from the PG for PI and BOP (P<0.0001). The mean values for PI and BOP in the PG were greatly reduced after the therapy.
As shown in Table 2 , there were no statistical differences in hematological and biochemical parameters between the PG and the CG before and after therapy, except for hs-CRP levels. This reflects the systemic health of both groups and shows that PT did not modify other hematological and biochemical parameters.
For comparisons between the CG and the PG before therapy, the ratio of patients with hs-CRP <0.3 mg/dL was statistically lower in PG than in CG (P<0.0216). Therefore, among systemically healthy patients, those with severe periodontitis had higher levels of CRP. In addition, for comparisons between the PG and the CG after therapy, the ratio of patients in the PG with hs-CRP <0.3mg/dL did not differ statistically from that observed in CG patients.
In the PG, the mean values of triglycerides, total cholesterol, LDL cholesterol, glucose, and total leukocytes did not differ statistically before and after treatment. However, HDL cholesterol was statistically higher after treatment (P<0.0027). Moreover, the ratio of patients in the PG with hs-CRP <0.3mg/dL was statistically higher after than before treatment (P<0.0339). This result suggests that NSPT led to reduce levels of hs-CRP in the PG and reduced levels below 0.3mg/dL in 65.22% of patients with severe periodontitis.
Relationship between high-sensitivity C-reactive protein (hs-CRP) and demographic/hematological characteristics, BMI, and clinical oral parameters
At baseline, the ratio of patients with hs-CRP <0.3 and ≥0.3 mg/dL did not differ between males and females, among PG 28 subjects (P<0.6891). The mean BMI was statistically lower in subjects with hs-CRP <0.3 mg/dL than in those with ≥0.3 mg/dL (P<0.0411). As for HDL cholesterol, patients with hs-CRP <0.3 mg/dL had statistically higher mean value than those with ≥0.3 mg/dL (P<0.0171). The mean value for all the clinical oral parameters suggested that patients with lower levels of CRP (<0.3 mg/dl) have less severe periodontal disease, even though, for this sample, the mean value for the measurements BOP, PD ≥7 mm and CAL ≥7 mm contradicted this suggestion (Table 3) . After treatment, the mean value of all variables did not differ statistically among 23 PG subjects with hs-CRP <0.3 and ≥0.3 mg/dL. However, the mean value for HDL cholesterol was slightly higher in patients with hs-CRP <0.3 mg/dL (Table 4) .
NSPT effect on levels of hs-CRP
In this study, the PG was found to be within the range of low or medium risk for CVD (CRP levels <1mg/L and between 1-3 mg/L, respectively). No subject with periodontitis exhibited CRP levels ≥3 mg/L (high risk for CVD). The frequency of the levels of hs-CRP in the PG before and after therapy is given in Table 5 and Figure 1 . The ratio of subjects in the PG with high levels of hs-CRP (≥0.3 to 3 mg/dL) and low levels as considered for healthy subjects (<0.3 mg/dL) was different before and after SPT. The percentage of subjects with hs-CRP <0.3 mg/dL was statistically lower before (39.13%) than after SPT (65.22%, P<0.0339). Thus, hs-CRP levels from ≥0.3-3 mg/dL were observed in a higher percentage of subjects before treatment (60.87%) than after SPT (34.78%).
Regarding two subgroups of levels of hs-CRP (<0.3 and from ≥0.3-3 mg/dL), it was observed that, out of nine patients with hs-CRP level <0.3 mg/dL before treatment, eight 
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(88.89%) maintained this level, and only one (11.11%) had a hs-CRP level ≥0.3-3 mg/dL post-therapy. Out of 14 patients with hs-CRP levels from ≥0.3-3 mg/dL before therapy, seven (50%) maintained this level, and seven had hs-CRP level <0.3 mg/dL after treatment. Therefore, 26.09% of 23 PG patients showed a decrease in hs-CRP levels: between ≥0.3 and 3 mg/dL to levels <0.3 mg/dL after therapy. The reduction of hs-CRP levels was 0.1487±0.6290 after SPT, which was considered not statistically significant (P=0.2691). 
* Values expressed as mean ± standard deviation. † Values expressed as frequency (percentage). # P-values are results of Student's t-test. ‡ P-values are results of Mann-Whitney test. § P-value is result of Fisher's test. HDL = high-density lipoprotein, BMI = body mass index, CAL = clinical attachment level, hs-CRP = high-sensitive C-reactive protein, PD = probing depth, BOP = bleeding on probing
DISCUSSION
This study included a homogeneous group of patients with severe periodontitis. The ratio of patients in the PG with hs-CRP levels >0.3 mg/dL was higher than in the CG (60.87 versus 23.08, respectively; P=0.0216). These results are consistent with previous reports [11, 12] , in that higher levels of hs-CRP were observed in the serum of patients with severe periodontitis.
The levels of serum IL-6 and CRP have been reported to increase with age [14] . However, in this study, there was no difference in the ratio of patients with levels of hs-CRP <0.3 and ≥0.3 mg/dL, with a mean age in the PG of 34.36±6.24. Also, increased levels of CRP have been reported in women due to hormonal changes [19] . Interestingly, the ratio of patients in the PG with hs-CRP <0.3 and ≥0.3 mg/dL did not differ between female and male subjects (P<0.6891), although, before NSPT, the ratio of subjects with hs-CRP≥0.3 mg/dL was higher for women than men.
Race/ethnicity has been described to affect CRP levels [20] . Asian populations have a lower range of systemic levels of CRP than black populations [21] . Since the Brazilian population presents miscegenation of browns, whites, blacks and Indians, race/ethnicity may have influenced the levels of CRP in this population study. Here, subjects with severe periodontitis were at "low risk" (<1 mg/L) or "medium risk" (1 to 3 mg/L) for CVD, as shown in previous studies [20, 21] .
There is a strong link between CRP levels in the blood and future development of high blood pressure [19] . This association is stronger for SBP than for DBP [22] . In this study, no difference was found between the mean values of SBP and DBP in the PG before and after therapy.
White blood cell count also has been associated with significant prediction of future cardiovascular events and glucose intolerance in different populations [22] . In this study, the non-observation of leucocytosis indicated that patients with severe periodontitis exhibited less pronounced systemic inflammation due to periodontal disease.
A positive relationship between the severity of periodontitis and initial systemic levels of hs-CRP has been observed [11] . Also, in this study, the clinical periodontal parameters before and after SPT suggested that patients with lower levels of CRP (<0.3 mg/dl) had less severe periodontal disease.
NSPT led to a significant decrease of all clinical periodontal parameters (P<0.0001). It should be noted that there was a significant reduction of PI from 63.61±33.64 to 4.83±6.73 and of BOP from 44.46±29.35 to 1.63±3.35. After therapy, the NT was statistically fewer due to the extraction of periodontally condemned teeth (P=0.0001). Regarding the levels of hs-CRP, the ratio of PG subjects with hs-CRP <0.3 mg/dL was statistically higher after therapy (P<0.0339). This result indicates that NSPT led to reduced levels of hs-CRP in the PG and demonstrated levels <0.3 mg/dL in most subjects with severe periodontitis (65.22%). It should be emphasized that for 26.09% of the 23 subjects that completed treatment, changes in the risk stratification for CVD was detected.
These patients, prior to therapy, had hs-CRP levels from ≥0.3 to 3 mg/dL and, after therapy, levels were <0.3 mg/ dL, i.e., considered as normal levels for subjects. Although the reduction in levels of hs-CRP was 0.1487±0.6290, i.e., moderate and not statistically significant (P=0.2691), the ratio of subjects in PG with hs-CRP <0.3mg/dL did not differ statistically from that observed in subjects in CG after SPT. There are reports of significant reductions in CRP levels, especially for subjects with high levels of CRP at baseline [23] . However, it is known that among systemically healthy patients, NSPT may decrease levels of CRP that were initially below 3 mg/dL [23] .
It is known that anti-inflammatory and non-steroidal drugs (aspirin and ibuprofen), oral drugs of synergistic combinations of cardiovascular agents, and low doses of steroids can potentially decrease the serum CRP levels [19] . In this study, the use of any medication was prohibited because it could affect the immunoinflammatory response and directly interfere with clinical outcomes. Since smoking has been reported as an independent risk factor for periodontitis and elevated serum CRP levels, patients with history of smoking and obesity were excluded in order to avoid adjustments to their potential effects on CPR response to the periodontal treatment [23] .
NSPT employed with the reinstrumentation of residual periodontal pockets with BOP and calculus, reassessment, and SPT for 6 months indicate that maintaining a healthy periodontium without signs of periodontal inflammation had a positive impact on the reduction of serum CRP levels. This supports previous results showing that a greater reduction in CRP levels occurs among those with better clinical responses to PT [23] . In contrast, other studies found no significant reduction in serum CRP levels after NSPT, despite
